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, Fusion [FF] . , affine Lie
$\hat{z1}_{2}$ , weight admissible weight
. (Fusion [FM1]
. ) , $\hat{z\mathfrak{l}}_{2}$ Virasoro , Drinfeld-Sokolov
resuction , Fusion
[FM2]. .
affine Lie $\hat{z1}_{n}(n\geq 3)$ $\mathcal{W}_{n}$
Fusion ,
. , $\mathcal{W}_{n}$ ,
. Lie , $\overline{\mathit{0}\mathrm{B}\mathfrak{p}}(1|2)$
$N=1$ Virasoro , ( ) Fusion




Fusion , affine Lie $\hat{z}\mathrm{I}_{2}$ admissible
Virasoro minimal series weight parametrize
. , affine Lie $\overline{\mathrm{o}z\mathfrak{p}}(1|2)$ $N=\mathrm{I}$
Virasoro , admissible , minimal series weight
parametrization .
2.1 admissible
admissible [KW] affine Lie
, modular .
.
. $\hat{\mathfrak{g}}$ affine Lie , $\hat{\mathfrak{h}}$ Cartan , $\Delta$ (resp.
$\Pi,$ $\Delta^{+},$ $\Delta^{\mathrm{r}\mathrm{e}})$ $\hat{\mathfrak{g}}$ root (resp. simple root, positive root; real root) .
$\hat{\mathfrak{h}}^{*}$ symmetric bilinear form [Kac] $(\cdot, \cdot)$ $\langle$ . $\alpha\in\Delta^{\mathrm{r}\mathrm{e}}$
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$\alpha^{\vee}\epsilon \mathfrak{h}^{9}$ $\alpha^{\vee}\ovalbox{\tt\small REJECT}_{\ovalbox{\tt\small REJECT}}2\alpha/(\alpha, \alpha)$ . simple root $\alpha_{\ovalbox{\tt\small REJECT}}$ $(\rho, \alpha\ovalbox{\tt\small REJECT})\ovalbox{\tt\small REJECT} 1$
$\rho\in \mathfrak{h}^{1}$ .
$\ovalbox{\tt\small REJECT}\epsilon$ h , integral root $\Delta_{\mathrm{A}}$ simple root $\mathrm{n}$.
$\Delta_{\Lambda}:=\{\alpha\in\Delta^{\mathrm{r}\mathrm{e}}|(\lambda, \alpha^{\vee})\in \mathbb{Z}\}$
$\Pi_{\Lambda}:=\Delta_{\Lambda}^{+}\backslash (\Delta_{\Lambda}^{+}+\Delta_{\Lambda}^{+})$
. , $\Delta_{\Lambda}^{+}:=\Delta_{\Lambda}\cap\Delta^{+}$ .
2.1 $\Lambda\in\hat{\mathfrak{h}}^{*}$ , admissible weight .
1. $(\Lambda+\rho, \alpha^{\vee})>0(^{\forall}\alpha\in\Delta_{\Lambda}^{+})$ ,
2. $\mathbb{C}\Pi_{\Lambda}=\mathbb{C}\Pi$ .
, admissible weight weight weight admissible
.
2.1 affine Lie ( , 0 odd root affine Lie
) , admissible weight . , integral root
$\triangle_{\Lambda}$ , . ( $[IKl[$ .)
, admissible weight $\mathrm{B}l_{2}\wedge$
.
h^\subset 5 2 Cartan $\Lambda_{0},$ $\Lambda_{1}\in\hat{\mathfrak{h}}^{*}$ $\hat{\epsilon}\mathfrak{l}_{2}$ fundumental weight,
$h_{0},$ $h_{1}\in\hat{\mathfrak{h}}$ simple coroot . $c=h_{0}+h_{1}$ $\hat{\epsilon}1_{2}\text{ }$ center.
$\lambda,$ $k\in \mathbb{C}$ $\Lambda_{\lambda,k}\in\hat{\mathfrak{h}}^{*}$
$\Lambda_{\lambda,k}:=k\Lambda_{0}+\frac{1}{2}\lambda\alpha_{1}$
$\langle$ . $\langle\Lambda_{\lambda,k}, c\rangle=k$ . ,
$\mathrm{A}\in\hat{\mathfrak{h}}^{*}$ : admissible weight
} $\Lambda=\Lambda_{\lambda,k},$ $(k=-2+ \frac{p}{q}, \lambda\in S_{p,q}^{\epsilon l_{2}})$ ,
$\exists_{p,q\in \mathbb{Z}},$ $p\geq 2,$ $q\geq 1,$ $(p, q)=1$ ,
,
$S_{p,q}^{\epsilon 1_{2}}:= \{m-s\frac{p}{q}-1|1\leq m\leq p-1,0\leq s\leq q-1\}$ .
$k$ , admissible level . , $\hat{g}l_{2}$
classical part $z\mathrm{I}_{2}$ Cartan $\mathfrak{h}=\mathbb{C}h_{1}$ , $\dim \mathfrak{h}^{*}=1$ ,
$\lambdarightarrow\frac{1}{2}\lambda\alpha_{1}$
$\mathbb{C}$




$\mathrm{V}ir:=\oplus \mathbb{C}L_{i}\oplus \mathbb{C}Ci\in \mathrm{Z}$’
$[L_{i}, L_{j}]=(i- \dot{J})L_{i+j}+\frac{1}{12}(i^{3}-i)\delta_{i+j,0}C$ ,
$[C, \mathrm{V}ir]=\{0\}$
Lie . $z\in \mathbb{C}$ central charge, $h\in \mathbb{C}$ $L_{0}$-weight
, minimal series weight , parametrize .
$(z, h)$ : $\mathrm{V}ir$ minimal series weight
$\Leftrightarrow z=13-6(\frac{p}{q}+\frac{q}{p}),$ $h\in S_{p,q}^{\mathrm{V}ir}$ ,
$\exists_{p,q\in \mathbb{Z}},$
$p,$ $q\geq 2,$ $(p, q)=1$ ,
,
$S_{p,q}^{_{\dot{l}t}}:= \{\frac{(rq-sp)^{2}-(p-q)^{2}}{4pq}|1\leq r\leq p-1,1\leq s\leq q-1\}$ .
2.3 $\overline{\mathrm{o}z\mathfrak{p}}(1|2)$
, affine Lie $\overline{0\epsilon \mathfrak{p}}(1|2)$ . , Lie
$\mathrm{o}z\mathfrak{p}(1|2)$ . o $(1|2)$ 5-
$oz\mathfrak{p}(1|2)=\mathbb{C}E\oplus \mathbb{C}e\oplus \mathbb{C}h\oplus \mathbb{C}f\oplus \mathbb{C}F$ ,
$|E|=|h|=|F|=\overline{0}$ , $|e|=|f|=\overline{1},$ $[h, e]=2e,$ $[h, e]=-2f,$ $[e, f]=h$,
$E= \frac{1}{2}[e, e],$ $F= \frac{1}{2}[f, f],$ $[E, e]=[F, f]=0$ ,
. $|x|$ $x$ parity .
affine Lie $\overline{\mathrm{o}z\mathfrak{p}}(1|2)$ o $(1|2)$ affinization, ,
$\overline{oz\mathfrak{p}}(1|2)=\mathrm{o}z\mathfrak{p}(1|2)\otimes \mathbb{C}[z, z^{-1}]\oplus \mathbb{C}c\oplus \mathbb{C}d$ ,
.
$|x\otimes z^{r}|=|x|(x\in \mathrm{o}z\mathfrak{p}(1|2)),$ $|c|=|d|=\overline{0}$ ,
$[x\otimes z^{r}, y\otimes z^{s}]=[x,y]\otimes z^{r+s}+r\delta_{r+s,0}(x, y)c$,
$[d, x\otimes z^{r}]=rX\backslash \otimes z^{r},$ $[c,\overline{oz\mathfrak{p}}(1|2)]=0$ .




, $\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}(1|2)$ Verma ,
. , $\mathfrak{g}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} 0\mathrm{L}\mathrm{p}(1|2),$ $\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}(1|2)$ . $\ovalbox{\tt\small REJECT}$
Cartan $\mathfrak{h}\ovalbox{\tt\small REJECT}_{\ovalbox{\tt\small REJECT}}\mathbb{C}h\oplus \mathbb{C}\mathrm{c}\oplus \mathbb{C}d$ ,
$\hat{\mathfrak{n}}^{\pm}:=\mathbb{C}_{X\pm}\oplus \mathfrak{g}\otimes(z^{\pm 1}\mathbb{C}[z^{\pm 1}])$
. , $x_{+}:=e,$ $x_{-}:=f$ . , $\hat{\mathfrak{g}}$ :
$\hat{\mathfrak{g}}=\hat{\mathfrak{n}}^{+}\oplus\hat{\mathfrak{h}}\oplus\hat{\mathfrak{n}}^{-}$ .






. $\alpha\in\hat{\mathfrak{h}}^{*}$ $\alpha(h)=2,$ $\alpha(c)=\alpha(d)=0$ $\acute{0}\overline{z\mathfrak{p}}(1|2)$ root,
$\delta\in\hat{\mathfrak{h}}^{*}$ positive imaginary root $M(\Lambda)$ weight
:
$M(\Lambda)=\oplus M(\Lambda)_{i\alpha+j\delta}j,i+2j\in \mathbb{Z}\geq 0$ ’
$M(\Lambda)_{\beta}:=\{x|h.x=(\Lambda-\beta)(h)x(^{\forall}h\in\hat{\mathfrak{h}})\}$ .
2.4 $N$ —IVirasoro
, $N=1$ Virasoro . $\epsilon\in\{\frac{1}{2},0\}$ . $N=1$ Virasoro




$[G_{i}, L_{j}]=(i- \frac{1}{2}j)G_{i+j}$ , (1)
$[G_{i}, G_{j}]=2L_{i+j}+ \frac{1}{3}(i^{2}-\frac{1}{4})\delta_{i+j},{}_{0}C$,
$[C, \mathrm{V}ir_{\epsilon}]=\{0\}$ ,
. $\mathrm{V}ir_{\frac{1}{2}}$ Neveu-Schwarz , Viro Ramond .
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2.5 admissible minimal series
, $\overline{\mathrm{o}z\mathfrak{p}}(1|2)$ $\mathrm{V}ir_{\epsilon}$ ad ssible weight minimal series
weight parametrization .
$\overline{\mathrm{o}z\mathfrak{p}}(1|2)$ : , $x\otimes 1\in\overline{\mathrm{o}z\mathfrak{p}}(1|2)$ $x\in \mathrm{o}\mathrm{s}\mathfrak{p}(1|2)$ . $\overline{\mathit{0}\mathrm{B}\mathfrak{p}}(1|2)$
) $h_{0},$ $h_{1}$ $h_{0}:= \frac{1}{2}(c-h),$ $h_{1}:=h$ . fundumental weight $\Lambda_{0},$ $\Lambda_{1}\in\hat{\mathfrak{h}}^{*}$
simple root $\alpha_{0},$ $\alpha_{1}\in\hat{\mathfrak{h}}$ $\langle\Lambda_{i}, h_{j}\rangle=\delta_{i,j}(i,j=0,1)$ ,
( $\langle\alpha_{0},h_{0}\rangle\langle\alpha_{0},h_{0}\rangle$ $\langle\alpha_{1},h_{1}\rangle\langle\alpha_{1},h_{0}\rangle)=(\begin{array}{ll}2 -1-4 2\end{array})$
. $\lambda,$ $k\in \mathbb{C}$ $\Lambda_{\lambda,k}\in\hat{\mathfrak{h}}^{*}$
$\Lambda_{\lambda,k}:=\frac{1}{2}k\Lambda_{0}+\frac{1}{2}\lambda\alpha_{1}$ ,
$\langle$ . $\langle\Lambda_{\lambda,k}, c\rangle=k$ . ,
$\mathrm{A}\in\hat{\mathfrak{h}}^{*}$ : admissible weight
$\Lambda=\Lambda_{\lambda,k}-(k=-3+\frac{p}{q}, \lambda\in S_{p,q}^{0\epsilon \mathfrak{p}})$ ,
$\exists_{p,q\in \mathbb{Z}},$ $p\geq 2,$ $q\geq 1,p\equiv q$ $(\mathrm{m}\mathrm{o}\mathrm{d} 2)$ , $( \frac{p-q}{2}$ , q)=l
,
$S_{p,q}^{\mathrm{o}z\mathfrak{p}}:= \{m-s\frac{p}{q}-1|m+s\equiv 1(\mathrm{m}\mathrm{o}\mathrm{d} 2)1\leq m\leq p-1,0\leq s\leq q-1,$ $\}$ .
$k$ admissible level . $z1_{2}$ ,
, $\lambdarightarrow$. $\frac{1}{2}\lambda\alpha_{1}$ $S_{p,q}^{\mathrm{o}z\mathfrak{p}}\subset(\mathbb{C}h)^{*}$ .
$\mathrm{V}ir_{\epsilon}$ : rr nimal series weight $(z, h)$ , parametrize
. $z\in \mathbb{C}$ central charge, $h$ $L_{0}$-weight .
$(z, h)$ : $\mathrm{V}ir_{\epsilon}$ minimal series weight
$\Leftrightarrow z=\frac{15}{2}-\frac{3}{2}(\frac{p}{q}+\frac{q}{p}),$ $h\in S_{p,q}^{\mathrm{V}ir_{*}}$ ,




$1-2\epsilon 1\leq r\leq p-1,$ $1\leq s\leq q-1(\mathrm{m}\mathrm{o}\mathrm{d} 2)\}$
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3Fusion




$\mathbb{C}$ Lie ( ) , affine Lie ( \psi $\tilde{\mathfrak{g}}:=\mathbb{C}[t, t^{-1}]\oplus \mathbb{C}c$
Fusion . , ,
$\mathfrak{g}=z\downarrow 2,$ $\mathrm{o}z\mathfrak{p}(1|2)$ . , Virasoro $N=1$ Virasoro
[FF] ( [IK2]) .
$\mathbb{C}P^{1}$ $E$ , Fusion $\mathfrak{g}(E)$ coinvariant
:
$\mathfrak{g}(E):=$ { $f$ : $\mathbb{C}P^{1}arrow\emptyset l$ f $\mathbb{C}P$ \E }.
Fusion , $\mathbb{C}P^{1}$ $\tilde{\mathfrak{g}}$ .




Lie $\mathfrak{g}\otimes \mathbb{C}((z_{w}))$ ( , $\mathbb{C}((t))$ $\mathbb{C}[t, t^{-1}]$ $t$
) $\mathbb{C}P^{1}$ $w$ affine Lie $\tilde{\mathfrak{g}}_{w}$
: $\langle$ , $\rangle_{w}$
$\langle p(z_{w})\otimes x, q(z_{w})\otimes y\rangle_{w}:=(x, y){\rm Res}_{z_{w}=0}p’(z_{w})q(z_{w})dz_{w}$ ,
$p(z_{w}),$ $q(z_{w})\in \mathbb{C}((z_{w}))$ , $x,$ $y\in$




\sim $\tilde{\mathfrak{g}}_{w}$ Verma , weight . $\tilde{\mathfrak{g}}_{w}$ Borel
$\tilde{\mathrm{b}}_{w}$ :
$\tilde{\mathrm{b}}_{w}=\mathrm{b}_{w}\oplus(\mathfrak{g}\otimes z_{w}\mathbb{C}[[z_{w}]])\oplus \mathbb{C}c$. (2)
$\mathbb{C}[[t]]$ $\mathbb{C}[t]$ $t$ , $\mathrm{b}_{w}$ $\mathfrak{g}$ Borel
$\ovalbox{\tt\small REJECT}$
$w\neq w’\Rightarrow \mathrm{b}_{w}\neq \mathrm{b}_{w’}$ .
3.1 $\mathfrak{g}=\mathrm{B}\mathfrak{l}_{2}$ , o (1|2) , $\mathfrak{g}$ Borel $\mathbb{C}P^{1}$
: $\rceil$ , $\mathfrak{g}=\mathit{0}\epsilon \mathfrak{p}(1|2)$ ,
$\{\mathrm{b}_{w}|w\in \mathbb{C}P^{1}\}$ :
$\mathrm{b}_{w}=\mathbb{C}h_{w}\oplus \mathbb{C}e_{w}\oplus \mathbb{C}E_{w}$
$h_{w}=h+2wF,$ $e_{w}=e+wf,$ $E_{w}=E+wh+w^{2}F$, $(w\in \mathbb{C}P^{1}\backslash \{\infty\})$ ,
$h_{\infty}=-h,$ $e_{\infty}=f,$ $E_{\infty}=F$,
141
$\mathbb{L}$ Verma . , $\mathbb{L}$ 1 .
$\mathfrak{h}_{w}$ $\mathfrak{h}_{w}Cb_{\ovalbox{\tt\small REJECT}}$
$\mathfrak{g}$ Cartan , $\mathrm{b}_{1}\ovalbox{\tt\small REJECT} \mathfrak{h}_{\ovalbox{\tt\small REJECT}}\oplus \mathrm{n}\downarrow$ ( , $\mathrm{n}\downarrow$ Lie
) . $k\in \mathbb{C},$ $\lambda\in \mathfrak{h}^{1}\ovalbox{\tt\small REJECT}$ (h ) $\mathbb{L}$ 1 $\mathbb{C}_{\ovalbox{\tt\small REJECT},\lambda,k}\ovalbox{\tt\small REJECT} \mathbb{C}1_{1},\ovalbox{\tt\small REJECT},k$
$h.1_{w,\lambda,k}=\lambda(h)1_{w,\lambda,k}$ , $h\in \mathfrak{h}_{w}$




. $M_{\lambda,k}(w)$ $L_{\lambda,k}(w)$ .
, $\mathbb{C}P^{1}$ $E=\{w_{1}, w_{2}, \cdots, w_{m}\}$ { $\lambda_{1},$ $\lambda_{2},$ $\cdots$ , \lambda m}\subset h*# ,
$\oplus_{i=1}^{m}L_{\lambda k}(:,w:)$ $\mathfrak{g}(E)$- , $\mathfrak{g}(E)$- coinvariant
Fusion . , $\mathfrak{g}_{E}:=\oplus_{\dot{l}=1}^{m}\mathfrak{g}\otimes \mathbb{C}((z_{w}))$ ,
cocycle $\langle$ , $\rangle_{E}=\sum_{i=1}^{m}(, )_{\mathrm{t}\mathrm{t}^{\mathrm{j}}:}$ # $\mathfrak{g}_{E}$ 1 $\tilde{\mathfrak{g}}_{E}$ .
, $E$ Laurent , Lie
$T:\mathfrak{g}(E)arrow \mathfrak{g}_{E}$
, ,
$\tilde{T}$ : $\mathfrak{g}(E)arrow\tilde{\mathfrak{g}}_{E}$ (4)
( $\cdot.\cdot$ ). , $\oplus_{\dot{l}=1}^{m}$ L\lambda :,k(w g\tilde E- ,
$\tilde{T}$ , $\oplus_{i=1}^{m}L_{\lambda,k}(w_{i})$ $\mathfrak{g}(E)$ - .
$\lambda_{1},$ $\cdots$ , \lambda m\in h*#
$\Phi_{m}(\lambda_{1}, \cdots, \lambda_{m}):=\dim H_{0}(\mathfrak{g}(E), \otimes L_{*,k}(w_{i}))i=1m$
. $\Phi_{2}$ $\Phi_{3}$ Fusion . , $\Phi_{2}(\lambda_{1}, \lambda_{2})$
$\Phi_{3}(\lambda_{1}, \lambda_{2}, \lambda_{3})$
$\mathbb{C}P^{1}$ $E$ . $\tilde{\mathfrak{g}}$
level $k\in \mathbb{C}$ Fusion :




, $A_{k}^{\mathfrak{g}}$ level $k$ sion .
32 Fusion ,
$N_{\lambda_{1},\lambda_{2}}^{\lambda_{3}}\in \mathbb{Z}\geq 0$ $(^{\forall}\lambda_{1}, \lambda_{2}, \lambda_{3}\in S_{k}^{\mathfrak{g}}.)$
$0$ $\mathbb{Z}$- $A_{k}^{\mathfrak{g}}$ well-d4ned.
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4
$\hat{g}\downarrow 2,\overline{\mathit{0}\epsilon \mathfrak{p}}(1|2)$ ad ssible level Virasoro , $N=1$ Virasoro
minimal series central charge Fusion , $z\mathrm{I}_{2}$ $oz\mathfrak{p}(1|2)$
. Virasoro $\hat{z}\mathfrak{l}_{2}$
[FF], [FM1] , .
4.1
$k\in \mathbb{Z}\geq 0$ $\mathrm{A}\mathrm{a}$ , $\{V_{i}|0\leq i\leq k\}$ $\mathbb{Z}-$ p $\mathcal{R}_{k}^{z1_{2}}$ ,
$\mathcal{R}_{k}^{\mathrm{B}\mathrm{I}_{2}}$ $\otimes_{k}\cdot$
$V_{i}\otimes\cdot kV_{j}:=V_{|i-j|}\oplus V_{|i-j|+2}\oplus V_{|i-j|+4}\oplus\cdots\oplus V_{\min\{2k-i-j,i+j\}}$
. $\mathcal{R}_{k}^{\epsilon \mathrm{t}_{2}}$ .
4.1 1. $\hat{\epsilon}1_{2}$ $k\in \mathbb{Z}_{>0}$ Fusion $\mathcal{R}_{k}^{s1_{2}}$ .
$k\in \mathbb{Z}_{\geq 0}$ , $\{V_{i}^{\sigma}|0\leq i\leq k, \sigma\in \mathbb{Z}^{2}\}$ $\mathbb{Z}-$
$\mathcal{R}_{k}^{o\mathrm{s}\mathfrak{p}(1|2)}$ , RkoBp( 2) $\otimes\cdot k$
$V_{ik}^{\epsilon_{\otimes}}.V_{j}^{\eta}:=V_{|i-j|}^{\epsilon+\eta}\oplus V_{|i-j|+1}^{\epsilon+\eta-1}\oplus V_{|i-j|+2}^{\epsilon+\eta}\oplus\cdots\oplus V_{\min\{2k-i-j,i+j\}}^{\epsilon+\eta}$ ,
. $\mathcal{R}_{k}^{\mathrm{o}z\mathfrak{p}(1|2)}$ .
$- \mathrm{c}^{\mathrm{s}}$ , Fusion \sim , $\mathcal{R}_{k}^{g\mathfrak{i}_{2}}\otimes_{\mathbb{Z}}\mathcal{R}_{l}^{\epsilon 1_{2}}$ $\mathcal{R}_{k}^{o\mathrm{B}\mathfrak{p}}$ (1|2)\otimes RBkl2
:
$(V_{i}, V_{j}),$ $(V_{i’}, V_{j’})\in \mathcal{R}_{k}^{g\iota_{2}}\otimes_{\mathbb{Z}}\mathcal{R}_{l}^{\epsilon 1_{2}}$ $\approx$
$(V_{i}, V_{j})\approx(V_{i’}, V_{j’})\Leftrightarrow i+i’=k\Lambda j+j’=l$
. $(V_{i}^{\sigma}, V_{j}),$ $(V_{i}^{\tau}, , V_{j’})\in \mathcal{R}_{k}^{\mathit{0}\epsilon \mathfrak{p}(1|2)}\otimes_{\mathbb{Z}}\mathcal{R}_{l}^{\mathrm{B}}$ 2
$(V_{i}^{\sigma}, V_{j})\approx(V_{i}^{\sigma’},, V_{j’})\Leftrightarrow i+i’=k\wedge j+j’=l\wedge\sigma+\sigma’=$
. , $\mathcal{R}_{k}^{\epsilon 1_{2}}\otimes_{\mathbb{Z}}\mathcal{R}_{l}^{\epsilon \mathrm{t}_{2}}/\approx$ $\mathcal{R}_{k}^{0\epsilon \mathfrak{p}(1|2)}\otimes_{\mathbb{Z}}\mathcal{R}_{l}^{\mathrm{B}\mathfrak{l}_{2}}/\approx$
. , $(V_{i}, V_{j})$ $(\mathcal{R}_{k}^{s\mathrm{t}_{2}}\otimes \mathrm{z}\mathcal{R}_{l}^{\epsilon 1_{2}})/\approx$















$+ \frac{1}{16}(1-2\epsilon)$ if $\mathfrak{g}=\mathrm{V}ir_{\epsilon}$
( $h\in S_{p,q}^{\mathrm{V}ir}$ or $\cup S_{p,q}^{\mathrm{V}ir_{\mathrm{e}}}$ )
$\epsilon=_{l}^{1},0$
,
$(z, h)rightarrow[(V_{r-1}, V_{s-1})]$ (6)
central charge $z$ minimal series weight $(\mathcal{R}_{k}^{zl_{2}}\otimes_{\mathrm{Z}}\mathcal{R}_{l}^{\epsilon 1_{2}})/\approx$
1 1 . , $\approx$ minimal series
. highest weight Kac table .
4.2 $\mathcal{B}\hat{[}_{2}$ $\mathrm{V}ir$ Fusion
, $z\hat{1}_{2}$ $ir$ Fusion .
5 2 admissible level $k:=-2+2q(p, q\in \mathbb{Z}, p\geq 2, q\geq 1, (p, q)=1)$
Fusion $A_{k}^{z1_{2}}$ ( $\mathfrak{h}^{*}$ $S_{k}^{\epsilon \mathrm{t}_{2}}$ $S_{p.q}^{zl_{2}}$ ) :
42([FM1])
$A_{k}^{z\mathfrak{l}_{2}}\simeq(\mathcal{R}_{q-1}^{0\mathfrak{p}(1|2)}‘\otimes_{\mathrm{Z}}\mathcal{R}_{p-2}^{z\mathfrak{l}_{2}})/\approx$
, , (5) .
, $\mathrm{V}ir$ minimal central charge $z:=13-6(_{q}^{\mathrm{g}}+p\mathrm{A})(p,$ $q\in \mathbb{Z},$ $p,$ $q\geq 2$ ,
$(p, q)=1)$ Fusion $A_{z}^{\mathrm{V}ir}(L_{0}$-weight minimal series
$L_{0}$-weight $S_{p,q}^{\mathrm{V}ir}$ ) :
4.3 ([FF])
$A_{z}^{\mathrm{V}ir}\simeq(\mathcal{R}_{q-2}^{zl_{2}}\otimes_{\mathrm{Z}}\mathcal{R}_{p-2}^{zl_{2}})/\approx$
, , $(\theta)$ .
4.3 pip(1|2) $ir$, Fusion
:
$p,$ $q$ $p\geq 2,$ $q\geq 1,$ $p\equiv q(\mathrm{m}\mathrm{o}\mathrm{d} 2),$ $(_{2}^{\mathrm{L}^{-}I}, q)=1$ ,
, $k:=-3+2q$ $\mathit{0}\hat{B}\mathfrak{p}(1|2)$ ad ssible level. , Fusion $A_{k}^{0\epsilon \mathfrak{p}(1|2)}$





$\simeq$ ( $\mathcal{R}_{q-1}^{\mathrm{o}z\mathfrak{p}}$( $2)\otimes_{\mathbb{Z}}$ $\mathcal{R}_{p-2}^{z\mathrm{t}_{2}}$ ) $/\approx$
, , (5) .
. Fusion $\mathrm{s}\hat{1}_{2}$
, $q$ $\epsilon\ddagger_{2}$ , $p\equiv q\equiv\overline{0}$
$(\mathrm{m}\mathrm{o}\mathrm{d} 2)$ 2 , $\epsilon\hat{1}_{2}$
. .
$N=1$ Virasoro Fusion
. $p,$ $q$ $p,$ $q\geq 2,$ $p\equiv q(\mathrm{m}\mathrm{o}\mathrm{d} 2),$ $(_{2}^{\mathrm{g}-\Delta}, q)=1$
. , $z:=13-6( \frac{p}{q}+p2)$ $\mathrm{V}ir_{\epsilon}$ nimal central charge.
central charge Fusion $A_{z}^{N=1}(L\mathrm{O}$-weight minimal series
$L_{0}$-weight $\bigcup_{\epsilon=_{\mathrm{F}}^{1},0}S_{p,q}^{\mathrm{V}ir_{e}}$ ) :
4.1
$A_{z}^{N=1}\simeq(\mathcal{R}_{q-2}^{\mathrm{s}1_{2}}\otimes_{\mathbb{Z}}\mathcal{R}_{p-2}^{s1_{2}})/\approx$
, , (6) ,




4.4 $\Phi_{2}(\lambda_{1}, \lambda_{2})$ $\Phi_{3}(\lambda_{1}, \lambda_{2}, \lambda_{3})$ .
,
1. $\overline{\mathit{0}\epsilon \mathfrak{p}}(1|2)$ admissible BGG resolution,
2. $\overline{\mathrm{o}z\mathfrak{p}}(1|2)$ Verma singular vector formula
— . BGG resolution , weight Verma
resolution , $\mathit{0}\hat{\mathrm{B}}\mathfrak{p}(1|2)$ , A\in h*ad ssible weight
.. . $arrow M(\Lambda_{2})\oplus M(\Lambda_{-2})arrow M(\Lambda_{1})\oplus M(\Lambda_{-1})arrow M(\Lambda)arrow L(\Lambda)arrow 0$
$\Lambda_{i}\in\hat{\mathfrak{h}}^{*}(i\in \mathbb{Z})$ [IK1]. BGG resolution
.
$\Phi_{2}(\lambda_{1}, \lambda_{2})$ :
5.1 $w_{1},$ $w_{2}$ $\mathbb{C}P^{1}$ . $k=-3+\mathrm{E}q$ admissible level
, $\lambda_{1},$ $\lambda_{2}\in S_{p,q}^{\mathrm{o}\epsilon \mathfrak{p}(1|2)}$ ,
$\dim H_{0}(\mathrm{g}(w_{1}, w_{2}),$ $L_{\lambda_{1},\mathrm{J}\mathrm{i}}(w_{1})\otimes L_{\lambda_{2},k}(w_{2}))=\{$
1if $\lambda_{1}=\lambda_{2}$ ,
. $\cdot$ 0 otherise.
,
145
. $\Phi_{2}$ $(\lambda_{1}, \lambda_{2})$ $\mathbb{C}P^{1}$ $E\ovalbox{\tt\small REJECT}\{w_{\mathrm{b}}w_{2}\}$
, $w1\ovalbox{\tt\small REJECT}_{\ovalbox{\tt\small REJECT}}0,$ $w2\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\otimes$ .
$\lambda_{1},$ $\lambda_{2}\epsilon \mathbb{C}$
$\dim H_{0}(\mathfrak{g}(0, \infty),$ $M_{\lambda_{1},k}(0)\otimes L_{\lambda_{2},k}(\infty))=\delta_{\lambda_{1},\lambda_{2}}$ (7)
. $\tilde{\mathrm{b}}0$ $w1=0$ $\tilde{9}0$ Borel , $\mathbb{C}_{0,\lambda_{1},k}$ $\tilde{\mathfrak{g}}_{0}$ Verma
1- .
$1\mathrm{n}\mathrm{d}_{U(\tilde{\mathrm{b}}_{0}\cap \mathfrak{g}(0,\infty))}^{U(\mathfrak{g}(0,\infty))}(\mathbb{C}_{0,\lambda_{1},k}\otimes L_{\lambda_{2},k}(\infty))=M_{\lambda_{1},k}(0)\otimes L_{\lambda_{2,}k}(\infty)$ .
, Shapiro
$H_{0}(\mathfrak{g}(0, \infty),$
$M_{\lambda_{1},k}(0)\otimes L_{\lambda_{2},k}.(\infty))=H_{0}(\tilde{\mathrm{b}}_{0}\cap \mathfrak{g}(0, \infty),$ $\mathbb{C}_{0,\lambda_{1},k}\otimes L_{\lambda_{2},k}(\infty))$
.
$\mathfrak{g}(0, \infty)\simeq \mathfrak{g}\otimes \mathbb{C}[z, z^{-1}]$
$\tilde{\mathrm{b}}_{0}=\mathbb{C}h\oplus \mathbb{C}e\oplus \mathbb{C}E\oplus(\mathfrak{g}\otimes z\mathbb{C}[z])$
$\tilde{\mathfrak{n}}_{0}:=[\tilde{\mathfrak{y}}_{0},\tilde{\mathfrak{y}}_{0}]$ , $\tilde{\mathrm{b}}_{0}\cap \mathfrak{g}(0, \infty)=\mathbb{C}h\oplus\tilde{\mathfrak{n}}_{0}$ . ,
$H_{0}(\tilde{\mathrm{b}}_{0}\cap \mathfrak{g}(0, \infty),\mathbb{C}_{0,\lambda_{1},k}\otimes L_{\lambda_{2\prime}k}(\infty))=H_{0}(\tilde{\mathfrak{n}}_{0}, L_{\lambda_{2,}k}(\infty))^{(\lambda_{1})}$
. $H_{0}(\tilde{\mathfrak{n}}, L_{\lambda_{2},7\mathrm{c}}(\infty))^{()}" 1\}$ $\lambda_{1}$ $h$ .
$\dim H_{0}(\tilde{\mathfrak{n}}_{0}, L_{\lambda_{2,}k}(\infty))^{(\lambda_{1})}=\dim(L_{\lambda_{2,}k}(\infty)/\tilde{\mathfrak{n}}_{0}L_{\lambda_{2},k}(\infty))^{(\lambda_{1})}=\delta_{\lambda_{1,}\lambda_{2}}$ .
(7) BGG resolution . $\lambda_{1},$ $\lambda_{2}\in S_{p.q}^{\mathrm{o}z\mathfrak{p}(1|2)}$
. $L_{\lambda_{1},k}(0)$ BGG resolution
$arrow M_{1}\oplus M_{2}arrow M_{\lambda_{1},k}(0)arrow L_{\lambda_{1},k}(0)arrow 0$,
. $M_{1},$ $M_{2}$ Verma . resolution $L_{\lambda_{2},k}(\infty)$
, coinvariant functor $H_{0}(\mathfrak{g}(0, \infty),$ $\cdot)$ ,
coinvariant functor
$H_{\mathit{0}}(\mathfrak{g}(0, \infty),$ $M\otimes L_{\lambda_{2},k}(\infty))$ $arrow$
$H_{0}(\mathfrak{g}(0, \infty),$ $M_{\lambda_{1,}k}(0)\otimes L_{\lambda_{2},k}(\infty))$ $arrow$
$H_{0}(\mathfrak{g}(0, \infty),$ $L_{\lambda_{1},k}(0)\otimes L_{\lambda_{2},k}(\infty))$ $arrow$ 0
. $M_{1}$ $M_{2}$ weight admissible weight
, (7)
$H_{0}(\mathfrak{g}(0, \infty),$ $(M_{1}\oplus M_{2})\otimes L_{\lambda_{2},k}(\infty))=0$ .
,
$H_{0}(\mathfrak{g}(0, \infty),$ $L_{\lambda_{1},k}(0)\otimes L_{\lambda_{2,}k}(\infty))\simeq H_{0}(\mathfrak{g}(0, \infty),$ $M_{\lambda_{1,}k}(0)\otimes L_{\lambda_{2},k}(\infty))$
, (7) . Q.E.D.
, $\Phi_{3}(\lambda_{1}, \lambda_{2}, \lambda_{3})$ . $\mathbb{C}P^{1}$ $E$ $E=\{0,1, \infty\}$
. 2 .
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52 $k\ovalbox{\tt\small REJECT}$ $3+p$ admissible $\ovalbox{\tt\small REJECT} vel$ , $\lambda_{0},$ $\lambda_{1},$ $\lambda_{\infty}\in S\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}^{(1|2)}$ ,$q$
$\dim H_{0}(\mathfrak{g}(0,1, \infty), L_{\lambda_{0},k}(0)\otimes L_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty))$
$=\dim H_{0}(a, L_{\lambda_{\infty},k}(\infty))^{(\lambda_{0},-\lambda_{1})}$ .
. $a$ $\mathfrak{g}(0,1, \infty)$
$a=\{f(z)\in \mathfrak{g}(0,1, \infty)|f(z)\in[\tilde{\mathrm{b}}_{w},\tilde{\mathrm{b}}_{w}](w=0,1)\}$
$=((\mathbb{C}e_{0}\oplus \mathbb{C}E_{0})\otimes(z-1))\oplus((\mathbb{C}e_{1}\oplus \mathbb{C}E_{1})\otimes z)\oplus \mathfrak{g}\otimes z(z-1)\mathbb{C}[z]$.
, $H_{0}(a, L_{\lambda_{\infty},k}(\infty))^{(\lambda_{0\prime}-\lambda_{1})}$ $h_{0}\otimes(z-1)$ $h_{1}\otimes z$ .
$\Phi_{3}(\lambda_{1}, \lambda_{2}, \lambda_{3})$ coinvariant $H_{0}(a, L_{\lambda_{\infty},k}(\infty))$
. coinvariant , :
$\lambda_{0},$ $\lambda_{1},$
$\lambda_{\infty}\in S_{p,q}^{\mathit{0}\mathrm{B}\mathfrak{p}(1|2)}$ , (5) admissible weight
$(\mathcal{R}_{q-2}^{\epsilon \mathrm{I}_{2}}\otimes_{\mathbb{Z}}\mathcal{R}_{p-2}^{\epsilon 1_{2}})/\approx$ $[(V_{i_{0}}^{0}, V_{j_{0}})],$ $[(V_{i_{1}}^{0}, V_{j_{1}})],$ $[(V_{i_{\infty}}^{0}, V_{j_{\infty}})]$ .
5.3 $k=-3+\mathrm{E}q$ admissible level .
(i) $\dim H_{0}(a, L_{\lambda_{\infty},k}(\infty))<\infty$ $\Leftrightarrow$ $\bigwedge_{\infty}\in\Lambda_{k\prime}$
(ii) $\lambda_{\infty}\in S_{p,q}^{\mathrm{o}\mathrm{s}\mathfrak{p}(1|2)}$ .
$\dim H_{0}(a, L_{\lambda_{\infty},k}(\infty))^{(\lambda_{0},-\lambda_{1})}$
$=\{$
2if $\lambda_{0},$ $\lambda_{1}\in\Lambda_{k}$ $C^{0}$ $C^{1}$










$i_{0}+i_{1}+i\equiv\epsilon,$ $j_{0}+j_{1}+j\equiv 0$ $(\mathrm{m}\mathrm{o}\mathrm{d} 2)$ ,
,
$C^{0}\Leftrightarrow[(i_{\infty},j_{\infty})\in P^{0}]$ , $C^{1}\Leftrightarrow[(-i_{\infty}+q-1, -j_{\infty}+p-2)\in P^{1}]$ .
52 53 . 53
52 .
52 2 :
1. $k=-3+\mathrm{E}q$ ad ssible level . $\lambda_{0},$ $\lambda_{1},$ $\lambda_{\infty}\in S_{p,q}^{0\epsilon \mathfrak{p}(1|2)}$
$H_{0}(\mathfrak{g}(0,1, \infty), M_{\lambda_{0},k}(0)\otimes M_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty))$
$=H_{0}(\mathfrak{g}(0,1, \infty), L_{\lambda_{0},k}(0)\otimes L_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty))$ .
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2. $k,$ $\lambda_{0},$ $\lambda_{1},$ $\lambda_{\infty}\in \mathbb{C}$
$H_{0}(\mathfrak{g}(0,1, \infty), M_{\lambda_{0},k}(0)\otimes M_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty))$
$=H_{0}(a, L_{\lambda_{\infty},k}(\infty))^{(\lambda_{0},-\lambda_{1})}$ .
1 , 2 , 2 .
$w=0,1\in \mathbb{C}P^{1}$ , $\mathbb{C}_{w,\lambda_{w},k}$ $\tilde{\mathfrak{g}}_{w}$ Verma \tilde b
1- .
$\overline{a}:=a\oplus(\mathbb{C}h_{0}\otimes(z-1))\oplus(\mathbb{C}h_{1}\otimes z)$
. ( $h_{w}(w\in\{0,1\})$ 3.1)
$1\mathrm{n}\mathrm{d}_{U(^{\frac{\mathfrak{g}}{a}})}^{U((0,1,\infty))}\{\mathbb{C}_{0,\lambda_{0},k}\otimes \mathbb{C}_{1,\lambda_{1},k}\otimes L_{\lambda_{\infty},k}(\infty))\}=M_{\lambda_{0},k}(0)\otimes M_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty)$ ,
. ( $\subset$ . weight
.) Shapiro ,
$H_{0}(\mathfrak{g}(0,1, \infty), M_{\lambda_{0},k}(0)\otimes M_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty))$
$=H_{0}(\overline{a}, \mathbb{C}_{0,\lambda_{0},k}\otimes \mathbb{C}_{1,\lambda_{1},k}\otimes L_{\lambda_{\infty},k}(\infty))$ .
. Cw,\lambda coinvariant
$H_{0}(\overline{a}, \mathbb{C}_{0,\lambda_{0},k}\otimes \mathbb{C}_{1,\lambda_{1},k}\otimes L_{\lambda_{\infty},k}(\infty))=H_{0}(a, L_{\lambda_{\infty},k}(\infty))^{(\lambda_{0},-\lambda_{1})}$ ,
2 .
1 2 BGG resolution .
$\ldotsarrow M_{1}\oplus M_{2}arrow M_{\lambda_{0},k}(0)arrow L_{\lambda_{0},k}(0)arrow 0$ ,
ad ssible $L_{\lambda_{0},k}(0)$ BGG resolution . , $M_{1}$
$M_{2}$ admissible weight weight do Verma .
resolution , :
$H_{0}(\mathfrak{g}(0,1, \infty), (M_{1}\oplus M_{2})(0)\otimes M_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty))$ $arrow$
$H_{0}(\mathfrak{g}(0,1, \infty), M_{\lambda_{0},k}(0)\otimes M_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty))$ $arrow$
$H_{0}(\mathfrak{g}(0,1, \infty), L_{\lambda_{0},k}(0)\otimes M_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty))$ $arrow 0$ .
2 53
$H_{0}(\mathfrak{g}(0,1, \infty), (M_{1}\oplus M_{2})(0)\otimes M_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty))=0$ .
$H_{0}(\mathfrak{g}(0,1, \infty), M_{\lambda_{0},k}(0)\otimes M_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty))$
(8)




$H_{0}(\mathfrak{g}(0,1, \infty), L_{\lambda_{0},k}(0)\otimes M_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty))$
$=H_{0}(\mathfrak{g}(0,1, \infty), L_{\lambda_{0},k}(0)\otimes L_{\lambda_{1},k}(1)\otimes L_{\lambda_{\infty},k}(\infty))$ . (9)
. (8) (9) , 1 . Q.E.D.
53 . ( [IK1])
Poincar\’e ,
$\dim H_{0}(a, L_{\lambda_{\infty},k}(\infty))^{(\lambda_{0},-\lambda_{1})}=\dim H^{0}(a, L_{\lambda_{\infty},k}(\infty)^{*})^{(-\lambda_{0},\lambda_{1})}$ .
, . $L_{\lambda_{\infty},k}(\infty)$ BGG resolution
. . . $arrow M_{1}\oplus M_{2}arrow M_{\lambda_{\infty},k}(\infty)darrow L_{\lambda_{\infty},k}(\infty)arrow 0$ (10)
dualize $|_{\vee}$
. . . $arrow M_{1}^{*}\oplus M_{2}^{*}arrow M_{\lambda_{\infty},k}(\infty)^{*}d^{*}arrow L_{\lambda_{\infty},k}(\infty)^{*}arrow 0$
. $(\cdot)^{*}$ full dual. [ injective resolution
,
$H^{0}(a, L_{\lambda_{\infty},k}(\infty)^{*})^{(-\lambda_{0},\lambda_{1})}=((M_{\lambda_{\infty},k}(\infty)^{*})^{a})^{(-\lambda_{0},\lambda_{1})}\cap \mathrm{k}\mathrm{e}\mathrm{r}d^{*}$
. , . , Verma Borel
1- Shapiro
$\dim\{((M_{\lambda_{\infty},k(\infty)^{*})^{a})^{(-\lambda_{0},\lambda_{1})}\}_{\sigma}}=1, (^{\forall}\sigma\in. \mathbb{Z}^{2})$
. form $\Phi^{\sigma}\in\{((M_{\lambda_{\infty},k}(\infty)^{*})^{\alpha})^{(-\lambda_{0},\lambda_{1})}\}_{\sigma}\backslash \{0\}$
$\Phi^{\sigma}\in \mathrm{k}\mathrm{e}\mathrm{r}$ d’ $\Leftrightarrow\Phi$‘ $(M_{1})=\Phi$‘ $(M2)=\{0\}$
$\Leftrightarrow\Phi^{\sigma}(S_{1}.1\otimes 1_{\infty,\lambda,k})=\Phi^{\sigma}(S_{2}.1\otimes 1_{\infty,\lambda,k})=0$
$\Leftrightarrow a(S_{1}).\Phi^{\sigma}=a(S_{2}).\Phi^{\sigma}=0$ ( $a$ : anti-pode)
. , $S_{i}.1\otimes 1_{\infty,\lambda,k}(i=1,2)$ M $M_{\lambda_{\infty},k}(\infty)$ singular
vector. $(S_{1}, S_{2}\in U(\tilde{\mathfrak{n}}_{\infty}^{-}),\tilde{\mathfrak{n}}_{\infty}^{-}$ $\tilde{9}\infty$ negative part. )
$\Phi^{\sigma}$ singular vector vanish , Verma
singular vector formula . .
$\overline{\mathit{0}\mathrm{B}\mathfrak{p}}(1|2)$ Loop .
5.1 $\theta$ Gmssmann ($\ovalbox{\tt\small REJECT} 1\rfloor$ $\theta^{2}=0$). $\lambda,$ $\mu\in \mathbb{C}$ , $\mathit{0}\mathrm{B}\mathfrak{p}(1|2)$
$\mathcal{F}_{\lambda,\mu}=\oplus_{i\in \mathbb{Z}}\{\mathbb{C}F_{i}\oplus \mathbb{C}F_{i}\theta\}$ :
$h.F_{i}\theta^{\gamma}=(2\mathit{1}^{\mathit{4}}+4i-2\gamma-\lambda)F_{i}\theta^{\gamma}$ ,
$e.F_{i}\theta^{\gamma}=\gamma F_{i}\theta^{\gamma-1}+(\mu+2i-\lambda)F_{i+1}\theta^{\gamma+1}$ , (11)
$f.F_{i}\theta^{\gamma}=\gamma F_{i-1}\theta^{\gamma-1}+(\mu+2i)F_{i}\theta^{\gamma+1}$ ,
$i\in \mathbb{Z}$ and $\gamma=0,1$ . $\tilde{\mathcal{F}}_{\lambda,\mu}:=\mathcal{F}_{\lambda,\mu}\otimes \mathbb{C}[z, z^{-1}]$ $\overline{\mathit{0}\mathrm{B}\mathfrak{p}}(1|2)$
level 0 , Loop I .
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$\not\simeq\dagger\# a(S_{1}).\Phi^{\sigma}=a(S_{2}).\Phi^{\sigma}=0\sigma)\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{m}f.\cdot b\#_{\sim}^{\wedge}4\mathrm{i}\emptyset$ Loop $\mathrm{h}\mathrm{O}\mathrm{f}\mathrm{f}\mathrm{l}\delta^{\backslash }’ \mathrm{f}\mathrm{f}\mathrm{l}\mathrm{V}^{1}\mathrm{b}n$. $\mathrm{F}\mathbb{R}_{\backslash }$ ,
$\Phi_{i,j}^{\sigma}:=\Phi^{\sigma}$ $M_{\lambda_{\infty},k}(\infty)_{i\alpha+j\delta}$ ,
$\varphi_{i,j}^{\sigma}=\{$
$\Phi_{i,j}^{\sigma}$ if $i\equiv\epsilon$ $\mathrm{m}\mathrm{o}\mathrm{d} 2$ ,
$f\otimes z$ . $\Phi_{i-1,j+1}^{\sigma}$ if $i\not\equiv\epsilon$ $\mathrm{m}\mathrm{o}\mathrm{d} 2$ .
, :
5.4 $\tilde{\mathfrak{n}}_{\infty}^{-}$ 0 negative part)fJI
$j,i+2j\in \mathrm{z}_{\geq 0}\oplus \mathbb{C}\varphi_{i,j}^{\sigma}$
Loop $\tilde{\mathcal{F}}_{\lambda,\mu}(^{\Xi}\lambda, \mu\in \mathbb{C})$ .
$a(S_{i}).\Phi^{\sigma}=0(i=1,2)$ $\Phi^{\sigma}\in \mathrm{k}\mathrm{e}\mathrm{r}$ d’
$a(S_{i}).(F_{j}\otimes z^{m})$ $a(S_{\dot{l}}).F_{j}\theta\otimes z^{m}$ .
Loop $\tilde{\mathcal{F}}_{\lambda,\mu}$ o $(1|2)-$ $\mathcal{F}_{\lambda,\mu}$ affinization ,
singular vector evaluation
$\pi$ : $\overline{\mathit{0}\epsilon \mathfrak{p}}(1|2)arrow \mathit{0}\mathrm{B}\mathfrak{p}(1|2)$ , $x\otimes z^{m}\mapsto x$
. singular vector formula :
Verma $M(\Lambda)$ Shapovalov determinant , $M(\Lambda)$ singular vector
level critical leval -3 , $\Lambda=\Lambda_{\lambda,k}\in\hat{\mathfrak{h}}^{*},$ $k\in \mathbb{C}\backslash \{-3\}$ ,
$\lambda=m-(k+3)s-1$ . $m,$ $.s\in \mathbb{Z}$ $m+s\equiv 1(\mathrm{m}\mathrm{o}\mathrm{d} 2)$
$(m>0, s\geq 0)$ $(m<0, s<0)$ . , singular vector
$S_{m,s}1\otimes 1_{\Lambda}\in M(\Lambda)(S_{m,s}\in U(\hat{\mathfrak{n}}^{-}))$ :
$S_{m,s}1\otimes 1_{\Lambda}\in\{$
$M(\Lambda_{\lambda,k})\# m(2\alpha+s\delta)$ if $m>0,$ $s\geq 0$ ,
$M(\Lambda_{\lambda,k})\# m(-2\alpha+s\delta)$ if $m<0,$ $s<0$ .
, .
5.5 1. $m>0,$ $s\geq 0$ ,
\pi (S ,s) $=2^{-} \dot{\tau}\prod_{j=1}^{s}m\prod_{i=1}^{m}\{\prod_{i+j\in 2\mathrm{Z}}P(\frac{i}{2}+\frac{j}{2}t)\prod_{i+j\in 2\mathrm{Z}+1}Q(-\frac{i-1}{2}-\frac{j}{2}t)\}$ f ,
2. $m<0,$ $s<0$ $\#\#$ ,
$\pi(S_{m,s})=2^{-\not\simeq\prod_{j=1}^{-s-1}\prod_{i=1}^{-m}}m\{\prod_{i+j\in 2\mathrm{Z}}Q(\frac{i}{2}+\frac{j}{2}t)\prod_{i+j\in 2\mathrm{Z}+1}P(-\frac{i-1}{2}-\frac{j}{2}t)\}e^{-m}$
, $P(s):=ef+2s$ and $Q(s):=fe-2s$ .
$\langle$ . $z\hat{\mathfrak{l}}_{2}$ D. B. Fuchs
singular vector projection formula \mbox{\boldmath $\nu$} . , higher rank
affine Lie , $\mathrm{B}\iota_{n}(n\geq 3)$ ,




$\overline{\mathit{0}\epsilon \mathfrak{p}}(1|2)$ $N=1$ Virasoro
. BGG resolution ,
. , $N=1$ Virasoro
[KWn], [Ad] .





$\hat{\mathfrak{g}}$ - Edension bi-functor.
. Verma $M(\Lambda)$ $J(\lambda)$ .
$0arrow J(\lambda)arrow M(\Lambda)arrow L(\Lambda)arrow 0$
$\mathrm{H}\mathrm{o}\mathrm{m}_{\hat{\mathfrak{g}}}(\cdot, L(\Lambda’))$
$0arrow \mathrm{H}\mathrm{o}\mathrm{m}_{\hat{\mathrm{g}}}(L(\Lambda), L(\Lambda’))arrow \mathrm{H}\mathrm{o}\mathrm{m}_{\hat{\mathfrak{g}}}(M(\Lambda), L(\Lambda’))arrow \mathrm{H}\mathrm{o}\mathrm{m}_{\hat{\mathfrak{g}}}(J(\Lambda), L(\Lambda’))arrow$
$Ext_{(\hat{g},\hat{\mathfrak{h}})}^{1}(L(\Lambda), L(\Lambda’))arrow Ext_{(\hat{\mathfrak{g}},\hat{\mathfrak{h}})}^{1}.(M(\Lambda), L(\Lambda’))arrow\cdots$
. $\mathrm{H}\mathrm{o}\mathrm{m}_{\hat{\mathfrak{g}}}(J(\Lambda), L(\Lambda’))=\{0\}$ ,
$Ext_{(\hat{\mathfrak{g}},\hat{\mathfrak{h}})}^{1}(M(\Lambda), L(\Lambda’))=\{0\}$ (12)
. $\hat{\mathfrak{h}}$ [RW], [DGK]:
$Ext_{(\hat{\mathfrak{g}},\hat{\mathfrak{h}})}^{1}(M(\Lambda), L(\Lambda’))\simeq \mathrm{H}\mathrm{o}\mathrm{m}_{\hat{\mathfrak{h}}}(\mathbb{C}1_{\Lambda}, H^{1}(\hat{\mathfrak{n}}^{+}, L(\Lambda’)))$,
$H^{1}(\hat{\mathfrak{n}}^{+}, L(\Lambda’))\simeq H_{1}(\hat{\mathfrak{n}}^{-}, L(\Lambda’))$ ,
$H_{1}(\hat{\mathfrak{n}}^{-}, L(\Lambda’))$ . , $L(\Lambda’)$ BGG resolution
. . . $arrow M(\Lambda_{1}’)\oplus M(\Lambda_{-1}’)arrow M(\Lambda’)arrow L(\Lambda’)arrow 0$
$\hat{\mathfrak{n}}^{-}$
$L(\Lambda’)$ free (projective) resolution , $\hat{\mathfrak{h}}^{-}$ \Pi
$H_{1}(\hat{\mathfrak{n}}^{-}, L(\Lambda’))=(M(\Lambda_{1}’)\oplus M(\Lambda_{-1}’))/\hat{\mathfrak{n}}^{-}.(M(.\Lambda_{1}’)\oplus M(\Lambda_{-1}’.))$
$\simeq \mathbb{C}1_{\Lambda_{1}’}\oplus \mathbb{C}1_{\Lambda_{-1}’}$
. ,
$\mathrm{H}\mathrm{o}\mathrm{m}_{\hat{\mathfrak{h}}}(\mathbb{C}1_{\Lambda}, H^{1}(\hat{\mathfrak{g}}^{+}, L(\Lambda’)))=\{0\}$ ,
, (12) , .






[Ad] Adamovic’ D., Rationality of Neveu-Schwarz vertex operator superalge-
bras. Int. Math. ${\rm Res}$ . Not. 17, (1997), 865-874.
[DGK] Deodhar V.V., Gabber O. and Kac V., Strucrure of some categories
of representations of infinite-dimensional Lie algebras Adv. Math. 45,
(1982), 92-116.
[FF] Feigin $\mathrm{B}.\mathrm{L}$ . and Fuchs D.B., Cohomology of some nilpotent subalgebras
of the Virasoro and $Kac$-Moody Lie algebras, J. Geom. Phys. 5, (1988),
209-235.
[FM1] Feigin B. and Malikov F., Fusion algebra at a rational level and cohomol-
ogy of nilpotent subalgebras of $\hat{s}l_{2}$ , Lett. Math. Phys. 31, (1994), 315-325.
[FM2] Feigin B. and Malikov F., Modular functor and representation theory of
$\hat{s}l_{2}$ at a rational level, Operads: Proceedings of Renaissance Conference,
357-405, Contemp. Math. 202, Amer. Math. Soc. Providence, $\mathrm{R}\mathrm{I},$ $(1997)$ .
[IK1] Iohara K. and Koga Y., hsion algebras for $N=l$ superconformal field
theories through coinvariants $I.\cdot \mathit{0}\hat{s}p(\mathrm{I}|2)$-symmetry, to appear J. Reine
Angew. Math.
[IK2] Iohara K. and Koga Y., Fusion algebras for $N=1$ superconformal field
theories through coinvariants $II:N=1$ super VimsorO-symmetry, to
appear J. Lie Theory.
[Kac] Kac V.G., Infinite dimensional Lie algebras, 3rd ed., Cambridge Univer-
sity Press, Cambridge, 1990.
[KW] Kac $\mathrm{V}.\mathrm{G}$ . and Wakimoto M., Modular invariant representations of infi-
nite dimensional Lie algebras and superalgebras, Proc. Natl. Acad. Soc.,
35, (1988), 4956-4960.
[KWn] Kac V. G. and Wang W., Vertex operator superalgebms and their rep-
$resent\dot{a}tions$ , Mathematical aspects of conformal and topological fieldl the-
ories and quanturn groups, 161-191, Contemp. Math. 175, Amer. Math.
Soc. Providence, Rl, (1994).
[Mal] Malikov F.G., Verma modules over $Kac$-Moody algebras of rank 2,
Leningrad Math. J., 2, No. 2, (1991), 269-286.
[RW] Rocha-Caridi A. and Wallach N.R., Projective modules over Graded Lie
algebras. $I$, Math. Z. 180, (1982), 151-177.
152
